Feeding experiments of the n-3 highly unsaturated fatty acid (n-3 HUFA) requirement on larval red seabream were conducted three times using rotifers enriched by the direct method, which showed a direct relationship between the n-3 HUFA concentration in emulsified lipids and the level on n-3 HUFA in rotifers. Various emulsions containing different levels of n-3 HUFA were pre pared by mixing methyl oleate with pollock and cuttlefish liver oils or a methyl ester mixture con taining 85% of n-3 HUFA and fed to rotifers. These rotifers were fed to larval fish for 10-16 days in 100l tanks.
Requirement of Larval Red Seabream Pagrus major
for Essential Fatty Acids*1 Maria S. Izquierdo,*2,3 Takeshi Watanabe,*2 Toshio Takeuchi,*2 Toshihisa Arakawa,*4 and Chikara Kitajima*5 (Received October 27, 1988) Feeding experiments of the n-3 highly unsaturated fatty acid (n-3 HUFA) requirement on larval red seabream were conducted three times using rotifers enriched by the direct method, which showed a direct relationship between the n-3 HUFA concentration in emulsified lipids and the level on n-3 HUFA in rotifers. Various emulsions containing different levels of n-3 HUFA were pre pared by mixing methyl oleate with pollock and cuttlefish liver oils or a methyl ester mixture con taining 85% of n-3 HUFA and fed to rotifers. These rotifers were fed to larval fish for 10-16 days in 100l tanks.
The larvae fed on rotifers containing a low percentage of n-3 HUFA showed a poor growth and a high mortality. The growth, survival and activity of the larvae were effectively improved by elevation of the n-3 HUFA levels in rotifers, and reached a plateau at a level of 0.4%. The levels of n-3 HUFA in fish increased gradually as elevation of the percentage of n-3 HUFA in rotifers and reached a maximum at around 3% of n-3 HUFA (whole body dry basis). These results suggested that a minimum requirement of larval red seabream for n-3 HUFA is about 0.4% in wet basis of rotifer.
In 1975, Yone and Fujii1) reported that supple mentation of linolenic acid, an essential fatty acid (EFA) for freshwater fish, to a corn oil diet did not improve the growth of red seabream juveniles, and that only n-3 HUFA were effective as EFA for the fatty acid metabolism of this species. The fatty acid analysis of liver phospholipid2) revealed that dietary 18:3 (n-3) was slightly converted into 22:5 (n-3) and 22:6 (n-3).
But this metabolic capacity was not enough to satisfy the n-3 HUFA requirement of red seabream juvenile.
In further investigations,3) they showed that the requirement of juvenile red seabream for n-3 HUFA is 0.5% in diet (dry basis). But there are few studies on the EFA requirement of larval red seabream, and it is also known that EFA requirements differ not only between species but also between growth stages.4)
The analysis of the chemical composition during larval development in red seabream showed an specific utilization of the neutral lipids during this period5) and suggested that 16:0, 18:1 (n-9) and 22:6 (n-3) might be important for growth and survival of the red seabream egg and larva.6) The present study was conducted to determine the requirement of larval red seabream for n-3 HUFA, the EFA for marine fish species. The culture of rotifers containing different levels of n-3 HUFA is required for this purpose. [7] [8] [9] Thus, preliminary experiments were conducted to verify the amount of n-3 HUFA incorporated into rotifers from emulsified lipids added to the culture medium.
In the following feeding study, larval red seabream were fed with several levels of rotifers containing different amount of n-3 HUFA. The results showed that growth, survival and activity of the larvae were improved by elevation of n-3 HUFA levels in rotifers and that a minimum re quirement for n- first 6h and the later elevation of the level was mainly due to an increase of the crude lipid con tent (Tables 2 and 3 ). As shown in Fig. 1 , the concentration of n-3 HUFA in rotifers was pro portional to the n-3 HUFA content in the oils used, reaching a maximum percentage of around 0.8% (wet basis) at 25% of n-3 HUFA in oil. The results of this preliminary experiment have shown to allow the preparation of several of rotifers con taining different percentage of n-3 HUFA.
Experiment I
The results of Expt. I are shown in Tables 4 to 6 and Fig. 2 . From the 7th day of feeding, fish fed on rotifers containing 0.22 and 0.30% n-3 HUFA (wet basis) respectively, began to show EFA deficiency symptoms such as high percentages of weak fish floating on the water surface of tanks and mortalities. These fish also showed poor feeding and swimming activities. When they were submitted to the activity test, they exhibited the so-called shock sindrome described by Wata nabe et al. 16 ) Fish fed on rotifers containing n-3 HUFA higher than these levels (tank nos. 3, 4 and 5) showed better results in growth, survival and activity test (Fig. 2) . However, fish fed on rotifers containing 0.45% n-3 HUFA enriched with Ester 85 showed poor growth, low survival rate and poor response to activity test. The elevation of n-3 HUFA level from 0.22 to 0.45% in rotifers (wet basis) effectively improved the growth, survival and activity of larvae. But further elevation of the level over 0.45% did not improve these parameters (Fig. 2 ), suggesting the requirement of the larvae for n-3 HUFA to be around 0.5% in rotifers.
The fatty acid composition of the eggs and 3 day-old larvae showed that 16:0, 18:1 (n-9) and 22:6 (n-3) are the main components of the lipids during early larval development. Monoens and (n-6) fatty acids decreased, and (n-3) and saturated fatty acids selectively increased during this stage. A similar tendency was observed by Kimata5,6) during the larval development of red seabream and by Atchinson17) for the larvae of brook trout. The amount of n-3 HUFA in larvae proportionally increased up to 3.5% (dry basis) with an increase of n-3 HUFA in rotifers. The n-3 HUFA content, especially 22:6 (n-3), in fish receiving EFA deficient rotifers sharply decreased compared to the initial value. On the other hand, the amount of n-3 HUFA in fish fed rotifers en riched with ME 85 was much lower than those fed rotifers enriched with natural oils containing the same percentage of n-3 HUFA. 
Experiment II
The results of Expt. II are summarized in Table 7 and Fig. 2 . Larvae receiving rotifers fed on methyl esters of n-3 HUFA (ME 85) showed a low growth rate and a high mortality together with a lower percentage of normal fish in the activity test. Furthermore, a high percentage of hydrops was observed during the feeding experi ment. According to Yamashita18) who studied the incidence of hydrops in larval red seabream, one of the typical symptoms of this abnormality is big subcutaneous and subcoelomic deposits of HUFA is 0.5% in diet (dry basis), almost equi valent to 0.20% of body weight in the daily n-3 HUFA intake, namely the n-3 HUFA requirement of larval red seabream determined in the present study is higher than that of the juvenile or adult fish, and the minimum daily n-3 HUFA intake of the larvae necessary for their normal growth is about 20% higher than that required by juveniles. In a similar way, Gatesoupe et al. 19 ) suggested that the requirement of adult turbot for n-3 HUFA was 0.8% in diet (dry basis), but the requirement of larval fish was more than 1.3% in rotifers15) (dry basis). In later studies, Le Milinaire* sug gested that an optimum level of n-3 HUFA in rotifers for the larvae is between 1.2 and 3.2%.
The EFA requirement expressed as daily n-3 HUFA intake can provide valuable information to compare the requirement of fish in various stages such as adult, juvenile and larva of the same species. 
